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FACTORS INFLUENCING THE PROCESS OF SOWING SEEDS OF GRAIN
CROPS AND MINERAL FERTILIZERS INTRODUCTION
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Abstract

Sowing is one of the most important operations of technology of crop cultivation
in which the embedding of seeds into the soil and conditions for germination are
created.

The cultivation of crops planting is responsible operation. Future harvest is largely
determined by the chosen method of sowing, seeding rate, seeding depth according to
the specific soil and climatic conditions [1,2]. Methods for seeding are selected not
only on the biological requirements of the crop to the area of nutrition, lighting,
moisture supply, but also with a view to preserving and increasing soil fertility [1,2].
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Introduction

Many researchers [3, 4] noted that
if the plants are placed along the rows
rarely, even the most luxuriant
development of each of them cannot
provide complete coverage of the area
of the soil and the use of the entire flow
of radiant energy, nutrients and
moisture. Reduced yield per unit of area
in this case is due to the fact that part of
the energy which could be used for
photosynthesis lost useless. On the
other hand, with a strong thickening
phenomena stronger mutual shading of
individual plants occurs competition for
moisture and nutrients is growing, often
plant diseases are enhanced, which also
reduces the productivity of the plant and
ultimately, crop yields.

With all the wvariety of drills
designs for sowing seeds and tools for
the subsurface mineral fertilizers they
all have the same set of similar technical
facilities, the most important of which

are the following: a hopper (container),
seed and fertilizer metering and
distribution device (sowing machine)
seeding tubes, working parts for
seeding and fertilizing the soil. Hopper
Is designed to hold the required amount
of seed for sowing and fertilizers
(materials). Moreover, they contain not
only the supply of the necessary
material, but also provide the required
flow of material through the openings
ending to the metering devices. Planting
unit provides a selection and dosing of
materials from the hopper, as well as
their distribution by delivery tube.
Further seed mineral tubes transport
relevant portions of the materials to the
working bodies for their subsurface
distribution: openers (central shovel) -
for laying the seeds into the soil; scuffle
knife - for subsurface mineral
fertilizers.
Research methods



For the synthesis of a control
system by sowing seeds and mineral
fertilizers we present technological
process as a series of successive
operations, figure 1: supply of the
material in the sowing machine;
dispensing  material (seeds and
fertilizers); transporting the material
through the seeding tubes to the
working body; subsurface distribution
of the material. Where input actions are
vectors of feed materials (Qc (t) and Qm
(t)), and the corresponding control
vector Uc (t) and Um (t). Values Qc (1)
and Qm (t) are characterized by the
parameters of the receiving bins (boxes)

for the seed and the fertilizers,
respectively.
The output flows

Qi (t) and Q,g(t) are strongly
influenced by the parameters of sowing
windows of the bins (boxes), which are
fed through the material. On the motion
of the material in the box the size of the
hole, the particle size, the angles of the
outer and inner tensions height of the
arch material, the shape of the bottom
drawer, and so on affect. In addition, an
important issue is the study of the
flowing process of the materials out of
the boxes through the window under the
influence of the gravity or force.
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Figure 1- Functional model of seeding process and mineral fertilizers introduction

1) Mopgaya matepmana Ha Bbic. Ann. — delivery of the material to the sowing
device. 2) Dosing the material 3) Seeds. Mineral fertilizers 4) Transporting the
material to the working organs. 5) Intrasoil distribution of the material

The analysis work on the dosing of
fertilizer shows that
providing uniform dosing materials

seeds and

(Qcd (t) and Qmd (t)) is a complex
scientific task. The reason is that this
process is influenced by many random



effects: type of dosing material and its
physical and mechanical properties, the
construction of the dispenser, the
dispensing opening area, etc.

Formed input streams of feed
materials are sent to the further sowing
apparatuses, and in the output a set dose
of materials is received Qcd (t) and
Qmd (t). Additional parameters for the
constancy of these values are: changing
the speed of the machine, the gear ratio
drive mechanisms, type of sowing
machine, etc.

For actual doses of seed and
fertilizer and seed q.(t) and

fertilizerq,, (t) at the same timeq,,(t)

the process of transporting materials to
the working bodies is performed.
Seeding tubes can be considered as
transport unit which does not change
the flow of materials, but it makes the
directing of the flow of the distribution
device in the working bodies. Except
structural and technological parameters
of the seeding tubes the process of
transportation of materials is strongly
influenced by the aerodynamic
properties of the particles, especially on
machines with pneumatic systems. It is
important to note to ensure uniform

A

seeding (application) of the materials it
IS necessary the speed of the movement
of materials on the stage under the
consideration to remain constant.

The final step of the considered
model is the distribution of subsurface
materials, which depends on the
methods of their incorporation, designs
and types of working bodies, etc. This
requires keeping the state of the soil
environment Qp (t).

The main output indicators of the
functionality of the model are: the
required standards (dose) of seeding
material g (t) ( dc(t) , an(t) ,
de(t) . Gk (t) . aw(t)); working
width sieving; uneven distribution of
material across the width and length of
the screening materials. These and other
parameters, which are determined by
the implementation of a particular
technological process must meet the
agronomic requirements. Thus,
adaptation processes of seed and
fertilizer is achieved under the
following conditions:

- The rules for the distribution of
seed and doses of mineral
fertilizers in the direction of the
unit's movement Xx:

qu(X)=q(A)C(X)_qC(X)EﬂC;

an(X)=dan (X)—dn(X) =7y
dp(X)=qca)p(X)-0ap(X)=np; 1)
Ak (X)=0dayk (X)—adx (X) =7k ;

A (X)=0aym (X)—qmy(X) =77y -

- The rules for the distribution of seed and doses of mineral fertilizers on the

width of the unit y:



qu(y)=q(A)C(y)_qC(y)58C;
On(Y)=dan(Y)—an(Y)=en;
1Gp(Y)=0cap(Y)-0ap(y)=é&p; (2)
Ak (Y)=deak (Y)—ax (y)=ek;

A (Y)=acam (Y)—am)(Y)=ém,

Where, g a)c (1), eayn () deayp (t) s deayc (1), deaym (t) - agro technically
necessary norms of seed sowing (C), nitrogen doses (N), phosphorus (P), potassium

(K) components and microelements (M);

qC(t)1 qN(t)’ qP(t)’ qK(t)a
qum (t) - actual norms of sowing seeds
(C), nitrogen doses (N), phosphorus
(P), potassium (K) components and
microelements (M);

lcnp kM) W éc(nPKM) -
marginal deviations of seeding rates of
seeds and making appropriate doses of
fertilizer components, respectively, in
the direction of movement and the
width of the unit.

Similarly, conditions for

implementation and other output
parameters of the technological process
can be defined.
Studies of seed and fertilizer in the
conditions of Northern Kazakhstan
have shown that the provision of the
required quality of operations can be
achieved by choice of rational values of
the factors affecting the output
indicators.

The results of the investigations

the unit (V,, ):

1).Taking into account the
complexity of the description of
processes of seed and mineral fertilizers
using only analytical dependences let’s
do  their  functional analysis.
Considering that the study process
deviations from the established values
of the variables are fairly small, but
their function changes smoothly let’s
use the known method of linearization
of dynamic systems. As the object of
study, let’s consider filing process
(movement) material (seeds and
fertilizers) from the bins (boxes) to the
working bodies for seeding and
subsurface mineral fertilizers
introduction (Figure 1).

In general, the input streams are
functions required standards (doses) of
introducing  materials  ( qg¢;) ),

depending on the working width (B)
and the speed of

Q(j)=10""-ar(jy By Vi ©)

With regard to the process under
consideration the value Qg(jy IS

determined by the physical and
mechanical properties of materials
(7(j)), the parameters of the metering

device (b- wide dosing window -h
opening height of the metering valve),
the gear ratio of the drive mechanism
(47 ) and the type of sowing device



(n):

V-
=103 YM M R, 4
Qi i1 7(i) (4)
Expanding the relationship (4) in a Taylor series with respect to a zero point,
let’s define the transfer function links the processes of the described material flow
from the hopper to the seeding tubes:
oF oF

AQ+—Ay + R, 5
avMQ 677 ()

F(Q(])’VM’7)=F(Q(O])’V](l)l170)+

remaining term of the series.

If we neglect the remaining term of series of increment of the
function AF (Qjy,V,, ,7 ) is defined as

AF(Q(])’VM,}’):F(Q(j)aVMa}’)—F(Q(ijVJ?JJ’O):O- (6)

0Qy 0Qy
Considering that oF =1; oF = i) ; oF = i) , then we get

oQ ; 0Q ;
10={ R0 4y b 4| )
oV,, oy
From the expression (7) it should be that, if AV,, =0, then
0Q i
AQ=-—" g4y, (8)
oy
Butif Ay =0, then
Q)
AQ=- AV, . 9
Q ov,, VM ©)

Applying the Laplace transform to equation (7) ... (9), let’s define the transfer
function of the dispenser:

80Q,.\ 80,
Wo(p)=- Q(”+ i) =K, +K,. (10)
OV oy

Thus, the dispenser can be viewed as a system consisting of two
parallel-connected units, i.e. howKq = K; + K,

Qi . g, 2220 e

Differentiating (10), and considering that;, K; =
oV, oy

obtain:



K1=103|Mb-h-7;K2=103\Mb-h. (11)
n+1 n+1
Analysis of the formulas (11) shows that the coefficients are the constants. Then,
according to (10) the transfer function of the dispenser can be written as

W =1o3iﬂb-h- V., ). 11
o(Pp) 1 (7 +Var) (11)

The sensitivity of the transfer function (11) is influenced by the type of sowing
machine, its design and technological parameters, modes of operation of the dispenser,
as well as material properties.

Seed - or seeding tubes create directional flow of material from the dispenser to
the sowing of the working body of the dispensing device. It can be viewed as a time-lag
element with a transfer function:

Wr(jy(P)=0d(j)=exp(-7z- p). (12)

If we consider that the time lag r=L; /V; , the dependence (12) can be
represented as

vvq(p>=exp(—b—:- p), (13)

where L; - The length of the seed - or seeding tube; V; - Speed of the material

movement.

Upon validation of the parameters of the seed or seeding tube or changing its
position, it is possible to select the position and dimensions of the zone of making
material so as to provide the required output characteristics.
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Pe3tome

Mpn BCeEM MHOro06pasnmn KOHCTPYKLMIA CEANOK A1 NMOCeBa CEMSIH U OPYAWiA
AN BHYTPUMOYBEHHOIO BHECEHWUS MUHEPaNbHbIX YAOOPEHWU BCE OHWU MMEOT
OAMHAKOBbLIN HAbop CXOAHbIX TEXHWYECKMX CPEeACTB, OCHOBHblE W3 KOTOPbIX
cnegyrowme: OyHKep (EMKOCTb) ANd CeMSiH U YAOOpeHWid, Ao3vpytollee U
pacrnpefennTensHoe YCTPOMCTBO  (BbICEBAIOWMIA  annapaT), CemATYKONpoBOAbI,
paboumne opraHbl 415 3a4eNKN CEMAH U BHECEHMS YI0OPEHWIA B MOYBY.

OKOHYaTe/bHbIM aTanom paccMaTp1BaeMoi mMozenu ABNSETCA
BHYTPUMOYBEHHOE pacrpefeneHe mMatepuanoB, KOTOPOE 3aBUCMT OT CMOCO60B KX
3a/1€N1KN, KOHCTPYKLMW 1 TUNOB pabounx opraHoB 1 T.4,

YCTaHOBNEHO, 4TO MpU  06OCHOBaHHbIX MNapaMeTpax CeMs - WK
TYKOHanpaBuUTeNsi, M3MEHSs €ro MOoMIOXKEHME, MOXHO BblOpaTb KOOpPAMHATbl U
pasmepbl 30Hbl BHECEHMS MaTepuasioB Takum 06pa3oM, 4TOObl 06ecnevnTb
Tpebyemble BbIXOHble XapaKTepUCTUKMN.

TyiiH

TyKbIM CEOETIH CEnKiLTep MEH MUHEPaNAbIK ThIHAUTKBILL eHTi3eTiH KypanaapabiH,
KYPbUIbICTapbl  apTypni Go/iFaHMeH, 0/1ap  Kypambl YKCAC HErisri  TeXHUKasbIK
beniktepAeH Typadbl: TYKbIM XX8He TbIHANTKbIW XK3Wiri  (CblibIMAbIIbIK),
Me/ILLep/ieylli >KaHe TapaTyllbl KypbliFbl  (Cenkiw annapar), TYKbIM >KaHe
TbIHAMTKbIL OTKI3riTep, TYKbIM >XoHE ThIHAWTKBILWTbLI TOMbIpaK iliHe CiHipeTiH
YXYMbICLUbI KYPbINFbLIap.

KapacTbIpbl/ibIn OTbIpFaH YPAICTIH COHFbI Ke3eHi ToMbIpak ilWiHAe MaTepuangapabl
TapaTy 60nadbl, 0N Ke3eHHIH cananblK KepCeTKilTepi Matepuangapibl TOMblpak
ILLIHe eHri3y afiCiHe, XYMbICLUbI KYPbIIFbIHbIH TYPi MEH KypblUIbICbIHA XaHe T. 6.
Tayenai.

KypbinbIMAbIK — MapmeTpriepi  Heri3fgenreH  TYKbIM  )KeHe  TbIHANTKbILW
TapaTKbILWTapAblH, KaFaaliblH ©3repTe OTbIPbIM, KAKETTI LblKNa CUNaTTambICbIH
KaMTamMacbl3 eTeTiH MaTepuasl eHri3eTiH aimak efnwemMaepi MeH KOOpAvHaTanapbiH
TaHaan anyfa 6onafsbl.



